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Description 

FIELD OF THE INVENTION 

s The present invention related to a fluororubber copolymer and a curable composition thereof. In particular, the 

present invention relates to a fluororubber copolymer which has an improved sealing property at low temperature while 
maintaining excellent properties of conventional f luororubbers, and a curable composition comprising said copolymer. 

PRIOR ART 

10 

Since a fluororubber comprising vinylidene fluoride (VdF) units is excellent in heat resistance, chemical resistance, 
solvent resistance, oil resistance, and so on, it is molded in the form of an O-ring, a hose, a stem seal, a shaft seal, a 
diaphragm, and so on and widely used in the fields of automobile industry, semiconductor industry, chemical industry, 
and the like. 

is However, it is pointed out that the conventionally used fluororubbers have inferior cold resistance to other rubber 
materials. In general, with an uncured copolymer, its cold resistance is evaluated in terms of a glass transition temper- 
ature, while with a molded article, its cold resistance is evaluated by the Gehman torsion test, the TR test (ASTM D 
1329), and the low temperature brittleness test. When the rubber is used as a sealing material such as the O-ring, a 
degree of liquid leakage at low temperature, that is, a low temperature compression set of the material is a straightfor- 

20 wardly important index. 

To improve the cold resistance of the fluororubbers, various studies have been made for a long time. GB Patent 
Nos. 953,152 and 952,098 proposed the use of a perfluoroalkyl vinyl ether in place of or in addition to a conventional 
monomer of the fluororubber, and achieved a glass transition temperature of -30°C or lower. But, the low temperature 
compression set did not reach a sufficient level. 

25 It is proposed to use a specific iodine compound as a chain transfer agent in the radical polymerization for the pro- 
duction of the fluororubber copolymer, whereby an iodine atom is bonded to a molecular terminal of the copolymer, and 
to perform a peroxide curing reaction by making use of a high radical activity of the iodine atom (JP-A-53-1 25491). It is 
reported that a cured material of a copolymer, which is obtained by using the above technique and polymerizing a mon- 
omer mixture having a specific composition, is excellent in the low temperature property (JP-A-6-508161). But, the low 

30 temperature property was evaluated only by the Gehman torsion test, and the compression set was measured only at 
a high temperature (200°C for 70 hours). 

JP-A-62-12734 describes a simple method for producing an iodine-containing peroxide-curable fluororubber which 
is excellent in the compression set. But, this patent publication does not describe a low temperature compression set 
and a composition suitable for the low temperature compression set. 

35 JP-B-53-4035 discloses a copolymer comprising vinylidene fluoride (VdF), perfluoro(methyl vinyl ether) (PMVE), 
hexafluoropropylene (HFP) and tetrafluoroethylene (TFE) and containing 17 to 30 wt % of PMVE, and FR Patent No. 
2347389 discloses a copolymer comprising the same monomers as above and containing 10 to 1 7 wt. % of PMVE, and 
both copolymers provide a molded article having good low temperature compression set when they are cured with a 
polyol. But, as described in J P-A-6- 128334, these copolymers suffer from a problem that they tend to foam when they 

40 are subjected to the polyol curing. Further, JP-A-6-1 28334 describes that when a copolymer comprising vinylidene flu- 
oride (VdF), perfluoro(methyl vinyl ether) (PMVE), hexafluoropropylene (HFP) and tetrafluoroethylene (TFE) and con- 
taining 3 to 9 wt. % of PMVE is polyol cured, a molded article having a high compression set at a low temperature (0°C) 
is obtained. But, the molded article of this copolymer does not have sufficient tensile strength and elongation at break. 

45 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a fluororubber copolymer which has excellent compression set in a 
wide temperature range from low temperature to high temperature while it maintains the excellent properties of the con- 
ventional fluororubbers. 

so Another object of the present invention is to provide a curing composition suitable for curing such fluororubber 
copolymer. 

According to the present invention, there is provided a copolymer comprising 0.005 to 1 .5 mole % of repeating units 
derived from an iodine-containing fluorinated vinyl ether of the formula: 

55 
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l(CH 2 CF 2 CF20) m -(CFCF 2 0)n-CF=CF2 (2) 
I 

CF 3 

wherein m is an integer of 1 to 5, and n is an integer of 0 to 3, 40 to 90 mole % of repeating units derived from vinylidene 
fluoride (VdF), 3 to 35 mole % of repeating units derived from perfluoro(methyl vinyl ether) (PMVE), 0 to 25 mole % of 
io repeating units derived from hexafluoropropylene (HFP) and 0 to 40 mole % of repeating units derived from tetraf luor- 
oethylene (TFE), which is obtained by polymerizing the above monomers in the presence of a diiodide compound of the 
formula: 



R>2 (1) 

15 

wherein R is a saturated fluorohydrocarbon or chlorofluorohydrocarbon group having 1 to 16 carbon atoms or a hydro- 
carbon group having 1 to 3 carbon atoms, contains iodine atoms introduced in the copolymer from the iodine com- 
pounds of the formulas (1) and (2) in amounts of 0.01 to 1 wt % and 0.01 to 2 wt %, respectively, and has a Mooney 
viscosity (ML 1+10 100°C) of 20 to 150. 
20 The f luororubber copolymer of the present invention has excellent compression set in a wide temperature range 
from low temperature to high temperature, and also good properties of the conventional iodine-containing f luororubber 
such as heat resistance, chemical resistance, solvent resistance, oil resistance curing properties, and dry physical 
properties. 

25 DETAILED DESCRIPTION OF THE INVENTION 

In the present invention, an amount of the VdF units in the f luororubber copolymer is from 40 to 90 mole %, prefer- 
ably from 50 to 85 mole %. When the amount of the VdF units is less than 40 mole %, the glass transition temperature 
of the copolymer becomes high so that the cold resistance is deteriorated. When the amount of the VdF units exceeds 
30 90 mole %, the amorphous state of the copolymer is impaired so that the rubbery elasticity greatly decreases. 

An amount of the PMVE units in the copolymer is from 3 to 35 mole %, preferably from 5 to 25 mole %. When the 
amount of the PMVE units is less than 3 mole %, the cold resistance of the copolymer is severely deteriorated. When 
the amount of PMVE units exceeds 35 mole %, the production cost of the copolymer increases since PMVE is expen- 
sive. 

35 In the fluororubber copolymer of the present invention, the iodine-containing fluorinated vinyl ether of the formula 
(2) is one of the essential constituents. Specific examples of the iodine-containing fluorinated vinyl ether are 
ICH 2 CF 2 CF 2 OCF=CF 2 . l(CH 2 CF 2 CF 2 0) 2 CF=CF 2 , I(CH 2 CF 2 CF 2 0)3CF=CF2. ICH 2 CF 2 CF 2 OCF(CF 3 )CF 2 OCF=CF 2 , 
ICH 2 CF 2 CF 2 0[CF(CF3)CF 2 0] 2 CF=CF2 t and the like. Among them, ICH 2 CF 2 CF 2 OCF=CF2 is preferred. 

An amount of the iodine atoms to be introduced in the copolymer from the iodine-containing fluorinated vinyl ether 

ao is from 0.01 to 2 wt. % (calculated from the weight of the iodine-containing fluorinated vinyl ether added during the 
polymerization) based on the whole weight of the copolymer The iodine-containing fluorinated vinyl ether is copolym- 
erized with other f luoroolefins, whereby the iodine atoms are introduced in the copolymer. 

The iodine atoms function as crosslinking sites in the curing reaction of the copolymer. Accordingly, when the 
amount of the iodine atoms which are introduced in the copolymer from the iodine-containing fluorinated vinyl ether is 

45 less than 0.01 wt. % based on the whole weight of the copolymer, a crosslinking density is small, so that the high com- 
pression set in the wide temperature range cannot be imparted to the molded article. When this amount of the iodine 
atoms exceeds 2 wt. %, the crosslinking density becomes too high, so that the elongation at break of the molded article 
is decreased. 

The fluororubber copolymer of the present invention may contain 25 mole % or less, preferably 0 to 15 mole % of 
so the HFP units. When the amount of the HFP units exceed 25 mole %, the cold resistance of the copolymer is deterio- 
rated. 

Further, the fluororubber copolymer of the present invention may contain 40 mole % or less, preferably 0 to 20 mole 
% of the TFE units. When the amount of the TFE units exceeds 40 mole %, the cold resistance of the copolymer is dete- 
riorated. 

55 When the copolymer of the present invention is a terpolymer consisting of VdF, PMVE and the iodine-containing 
fluorinated vinyl ether of the formula (2), the amounts of the VdF units and the PMVE units in the terpolymer are from 
65 to 90 mole % and from 10 to 35 mole %, respectively. When the amount of the VdF units is less than 65 mole %, the 
cold resistance tends to be deteriorated. When the amount of the VdF units exceeds 90 mole %, the amorphous state 
of the copolymer is impaired, so that the rubbery elasticity is greatly decreased. When the amount of the PMVE units 
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is less than 10 mole %, the amorphous state of the copolymer may be impaired, so that the rubbery elasticity tends to 
decrease. When the amount of the PMVE units exceeds 35 mole %, the production cost of the copolymer increases 
since PMVE is expensive. 

When copolymer of the present invention is a tetrapolymer consisting of VdF, PMVE, TFE and the iodine-containing 

5 fluorinated vinyl ether of the formula (2), the amounts of the VdF units, the PMVE units and the TFE units are from 40 
to 80 mole %, from 15 to 35 mole % and from 3 to 40 mole %, respectively. When the amount of the VdF units is less 
than 40 mole %, the cold resistance is deteriorated. When the amount of the VdF units exceeds 80 mole %, the amor- 
phous state of the copolymer may be impaired, so that the rubbery elasticity tends to decrease. When the amount of 
the PMVE units is less than 15 mole %, the cold resistance tends to decrease. When the amount of the PMVE units 

10 exceeds 35 mole %, the production cost of the copolymer increases since PMVE is expensive. When the amount of the 
TFE units is less than 3 mole %, the VdF units tend to be crystallized, and then the PMVE units should be increased, 
whereby the production cost of the copolymer increases. When the amount of the TFE units exceeds 40 mole %, the 
cold resistance is deteriorated. 

When the copolymer is a tetrapolymer consisting of VdF, PMVE, HFP and the iodine-containing fluorinated vinyl 

is ether of the formula (2), the amounts of the VdF units, the PMVE units and the HFP units are from 65 to 90 mole %, 
from 3 to 25 mole % and from 3 to 25 mole %, respectively. When the amount of the VdF units is less than 65 mole %, 
the cold resistance tends to be deteriorated. When the amount of the VdF units exceeds 90 mole %, the amorphous 
state of the copolymer is impaired, so that the rubbery elasticity heavily decreases. When the amount of the PMVE units 
is less than 3 mole %, the cold resistance is deteriorated. When the amount of the PMVE units exceeds 25 mole %, the 

20 production cost of the copolymer tends to increase since PMVE is expensive. When the amount of the HFP units is less 
than 3 mole %, the VdF units tend to be crystallized, and then the PMVE units should be increased, whereby the pro- 
duction cost of the copolymer increases. When the amount of the HFP units exceeds 25 mole %, the cold resistance is 
deteriorated. 

When the copolymer is a pentapolymer consisting of VdF, PMVE, HFP, TFE and the iodine-containing fluorinated 
25 vinyl ether of the formula (2), the amounts of the VdF units, the PMVE units, the HFP units and the TFE units are from 
40 to 80 mole %, from 3 to 25 mole %, from 3 to 25 mole %, and from 3 to 40 mole %, respectively. When the amount 
of the VdF units is less than 40 mole %, the cold resistance is deteriorated. When the amount of the VdF units exceeds 
80 mole %. the amorphous state of the copolymer may be impaired, so that the rubbery elasticity tends to decrease. 
When the amount of the PMVE units is less than 3 mole %, the cold resistance is deteriorated. When the amount of the 
30 PMVE units exceeds 25 mole %, the production cost of the copolymer tends to increase since PMVE is expensive. 
When the amount of the HFP units is less than 3 mole %, the VdF units tend to be crystallized, and then the PMVE units 
should be increased, whereby the production cost of the copolymer tends to increase. When the amount of the HFP 
units exceeds 25 mole %, the cold resistance is deteriorated. When the amount of the TFE units is less than 3 mole %, 
the VdF units tend to be crystallized, and then the PMVE units should be increased, whereby the production cost of the 
35 copolymer tends to increase. When the amount of the TFE units exceeds 40 mole %, the cold resistance is deterio- 
rated. 

The fluoror libber copolymer of the present invention is obtained by radically polymerizing the above monomers in 
the presence of the diiodide compound of the formula (1), and the amount of the iodine atoms which are introduced in 
the copolymer from the diiodide compound of the formula (1) is from 0.01 to 1 wt. % (calculated from the weight of the 
40 diiodide compound added during the polymerization) based on the whole weight of the copolymer. 

The amount of the diiodide compound in the copolymer has a decisive significance on the determination of the 
molecular weight of the copolymer since the diiodide compound functions as a chain transfer agent as described in JP- 
A-53-1 25491. Further, the introduced iodine atoms function as crosslinking sites. Therefore, when the amount of the 
iodine atoms to be introduced in the copolymer from the diiodide compound of the formula (1) is less than 0.01 wt. %, 
45 the molecular weight of the copolymer becomes too large so that the f lowability of the copolymer in the curing reaction 
is deteriorated, and the crosslinking density becomes too small so that the molded article does not exhibit sufficient ten- 
sile strength at break. When the amount of such iodine atoms exceeds 1 wt. %, the molecular weight becomes too small 
so that the kneading of the rubber is made difficult. 

The fluororubber copolymer of the present invention has the Mooney viscosity (ML 1+10 100°C) of 20 to 150. The 
so Mooney viscosity is measured by a method defined in JIS K 6300, "Mooney Viscosity Measurement", and a measuring 
temperature is 100°C. When the Mooney viscosity is less than 20, the kneading of the rubber is made difficult, while 
when it exceeds 150, the f lowability of the copolymer in the curing reaction is lost. 

The copolymer of the present invention may be prepared by the method described in Examples 1 2-15 of JP-A-62- 
1 2734 with changing the kinds and amounts of the monomers. 
65 That is, VdF, PMVE and the iodine-containing fluorinated vinyl ether, and optionally HFP and TFE are radically 
emulsion polymerized in an aqueous medium in the presence of the diiodide compound substantially in the absence of 
oxygen under elevated pressure while stirring. 

Typical examples of the diiodide compound to be used in the preparation of the copolymer of the present invention 
are 1 ,3<iiiodoperf luoropropane, 1 ,4-diiodoperf luorobutane, 1.3-diiodo-2-chIoroperfluoropropane, 1,5-diiodo-2,4-dichlo- 
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roperfluoropentane, 1,6-diiodoperfluorohexane, 1 ,8-diiodoperf luorooctane, 1,12-diiodo-perfluorododecane, 1,16-diio- 
doperfluorohexadecane, diiodomethane, and 1,2-diiodoethane. They may be used independently or in combination 
thereof. Among them, 1 ,4-diiodoperfluorobutane is preferred. The diiodide compound is used in an amount of 0.1 to 2 
wt. % based on the whole weight of the copolymer. 

5 A radical polymerization initiator to be used in the preparation of the random copolymer according to the present 
invention can be the same as one used in the preparation of the conventional f luoroelastomers. The polymerization ini- 
tiator includes organic and inorganic peroxides and azo compounds. Typical polymerization initiators are persulfates, 
peroxycarbonates, peroxy esters, and the like, and a preferred polymerization initiator is ammonium persuffate (APS). 
APS may be used alone or in combination with a reducing agent such as a sulfite ester, a sulfite salt, etc. 

10 An amount of the polymerization initiator to be added in the polymerization is preferably as small as possible in view 
of the properties of the obtained copolymer. But, when the amount of the polymerization initiator is very small, the 
polymerization rate is decreased to cause the deterioration of the productivity. Therefore, the amount of the polymeri- 
zation initiator 6hould be suitably adjusted. In general, the polymerization initiator is used in an amount of 5 to 50 mole 
% based on the amount of the diiodide compound. 

is As an emulsif ier used in the emulsion polymerization to prepare the copolymer of the present invention, a wide vari- 
ety of emulsifier can be used. Preferably, a salt of a carboxylic acid having a fluorocarbon chain or a f luoropolyether 
chain from the view point of suppressing the chain transfer reaction onto emulsifier molecules during the polymeriza- 
tion. 

Specific examples of the emulsifier are C 7 F 15 COONH 4 , C 8 F 17 COONH 4 , CF 3 CF 2 CF20CH(CF3)COONH 4l 
20 CF 3 CF2CF 2 OCF(CF3)CF20CF(CF 3 )COONH4, CF 3 CF2CF 2 0[CF(CF3)CF20]2CF(CF3)CXDONH 4 , 
CF 3 CF2CF 2 0[CF(CF3)CF 2 0]3CF(CF 3 )COONH 4l and so on. 

An amount of the emulsifier is preferably from about 0.05 to 1 wt. %, in particular, from 0.1 to 0.5 wt. % based on 
the weight of water added to a reaction system. 

A polymerization temperature is selected from a wide temperature range depending on the kind of the polymeriza- 
25 tion initiator and the use of the reducing agent. In general, the polymerization temperature is from 0 to 130°C. When 
APS alone is used as the polymerization initiator, a temperature in the range between 50°C and 90°C is preferred. 
When the polymerization temperature is lower than this range, the polymerization rate considerably lowers. 

A polymerization pressure is selected from a wide pressure range. In general, a pressure in the range between 0.2 
MPa and 0.8 MPa is employed. As the polymerization pressure increases, the polymerization rate increases. Then, in 
30 view of the productivity, the preferred polymerization pressure is 1 .0 MPa or higher. 

The copolymer of the present invention can be crosslinked by various crosslinking sources and cured (vulcanized) 
to provide the f luororubber. As the crosslinking source, an organic peroxide is preferably used, while radiation (e.g. <x- 
rays, p-rays, y-rays, electron beams, X-rays, etc.), high energy electromagnetic wave such as UV light, and so on may 
be used. 

35 An amount of the organic peroxide is from 0.05 to 10 wt. parts, preferably 1 .0 to 5 wt. parts per 100 wt. parts of the 
copolymer. 

As the organic peroxide, one that generates a peroxide radical easily in the presence of heat or a redox system is 
preferred. Examples of such organic peroxide are 1,1-bis(tert.-butylperoxy)-3,5,5-trimethylcyclohexane, 2,5-dimethyl- 
hexane-2,5-dihydroperoxide, di-tert.-butyl peroxide, tert.-butylcumyl peroxide, dicumyl peroxide, a,ct-bis(tert.-butylper- 

40 oxy)-p-diisopropylbenzene, 2,5«dmethyl-2 f 5-di(tert.-butylperoxy)hexane, 2,5-dimethyl-2,5-di(tert.-butylperoxy)-hexine- 
3, benzoylperoxide, tert.-butylperoxy-benzene. 2,5-dimethyl-2,5<li(benzoylperoxy)hexane l tert.-butyl peroxymaletate, 
tert-butyl peroxyisopropylcarbonate. and so on. Among them, the dialkyl type one, in particular, 2,5-dimethyl-2,5- 
di(tert.-butylperoxy)hexane is preferred. The kind and amount of the organic peroxide are selected by taking into 
account an amount of an active -O-O- group, a decomposition temperature, and so on. 

45 When the organic peroxide is used, a crosslinking aid may be used in combination, whereby the copolymer is cured 
considerably. Any crosslinking aid can be used in principle, as long as it has a reactivity with the peroxy radical and a 
polymer radical, and a kind of the crosslinking aid is not limited. Preferred examples of the crosslinking aid are triallyl 
cyanurate, triallyl isocyanurate, triacryl formal, triallyl trimellitate, N,N -m-phenylene bismaleimide. dipropargyl tereph- 
thalate, diallyl phthalate, tetraallyl terephthalamide, triallyl phosphate, and so on. Among them, triallyl isocyanurate is 

so particularly preferred. 

An amount of the crosslinking aid is preferably from 0.1 to 10 wt. parts, more preferably from 0.5 to 5 wt. parts. 

In the crosslinking step, other rubber or material may be blended and co-crosslinked with the copolymer of the 
present invention. Examples of the rubber or material to be co-crosslinked are silicone oil, silicone rubber, ethylene- 
vinyl acetate copolymer, 1 ,2-polybutadiene, fluorosilicone oil, fluorosilicone rubber, fluorophosphazene rubber, hex- 
55 afluoropropylene-ethylene copolymer, tetrafluoroethylene-propylene copolymer, and other polymers having a radical 
reactivity. An amount of the other rubber or material is not limited, but should not be larger enough to deteriorate the 
inherent properties of the copolymer of the present invention in principle. 

In addition, the composition of the present invention may contain an additive which is used together with the con- 
ventional fluororubber such as a pigment which colors the copolymer, a filler, a reinforcing agent, and so on. As the 
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widely used filler or reinforcing agent, there are exemplified carbon black, Ti0 2 , Si0 2 , day and talc as inorganic ones, 
and f luoropolymers (e.g. polytetrafluoroethylene, polyvinylidene fluoride, polyvinyl fluoride, polychlorotrifluoroethyiene, 
tetrafluoroethytene/ethylene copolymer, tetrafluoroethylene/vinylidene fluoride copolymer, etc.) as organic ones. 

To compound the above curing components, a suitable method is selected according to viscoelasticities and states 
5 of the materials. In general, a conventional open roll mill or a powder mixer is used. Alternatively, it is possible to dis- 
solve or disperse the solid materials in a solvent and then mix and disperse the components. 

A curing temperature and time depend on the kind of the peroxide to be used. In general, press curing is performed 
at a temperature of 120 to 200°C for 5 to 30 minutes, and oven curing is performed at a temperature of 150 to 250°C 
for 1 to 24 hours. 

10 The copolymer of the present invention is advantageously used as a general molding material, a sealant, an adhe- 
sive or a paint in a field which requires cold resistance, heat resistance, oil resistance, chemical resistance and solvent 
resistance. Preferable applications of the molded article are sealing members such as an O-ring, a lip-type packing, an 
oil 6eaf, a diaphragm, a gasket, a V-ring, and so on. 

15 EXAMPLES 

The present invention will be illustrated by the following examples, which do not limit the present invention in any 

way. 
20 Example 1 

In a 2.6 liter autoclave made of SUS 31 6 stainless steel, pure water (1 .0 1), C 7 F 15 COONH 4 (2.0 g) as an emulsrf ier, 
disodium hydrogenphosphate (0.09 g) as a pH adjuster were charged, and an interior was thoroughly replaced with 
nitrogen gas. Then, the mixture was heated to 80°C while stirring at 600 rpm, and a monomer mixture of VdF and per- 

25 f luoro(methyl vinyl ether) (PMVE) (a molar ratio of 66:34) was injected till an internal pressure rose to 1 .57 MPa. There- 
after, 4 ml of an aqueous solution of APS (5 mg/ml) was charged under the nitrogen pressure to initiate the reaction. 

As the polymerization reaction progressed, the pressure dropped. When the pressure dropped to 1.47 MPa, 
l(CF 2 )4l (1.2 g) as the diiodide compound was injected, and then a monomer mixture of VdF and PMVE (a molar ratio 
of 80:20) was further injected to increase the pressure to 1 .57 MPa. With repeating the pressure drop and increase, the 

30 above APS aqueous solution (each 2 ml) was charged under the nitrogen pressure every three hours to continue the 
reaction. 

When the total pressure drop reached 2.55 MPa from the start of the polymerization reaction (after 5 hours), an 
iodine-containing f luorinated vinyl ether: ICH2CF 2 CF 2 OCF=CF 2 (hereinafter referred to as *IM1 ") (1 .8 g) was injected. 
When the total pressure drop reached 5.10 MPa (after 9 hours), the autoclave was cooled, and the unreacted mono- 
35 mers were discharged to obtain an aqueous emulsion having a solid content of 29.9 wt. %. 

To the aqueous emulsion, a 5 wt. % aqueous solution of potassium alum was added to coagulate the polymer. The 
coagulate polymer was washed with water and dried to obtain a rubbery polymer (403 g). This polymer had the Mooney 
viscosity (ML 1+10 100°C) of 96. 

According to the results of 19 F-NMR analysis, the monomeric composition of this polymer was found to be 78.8 
40 mole % of VdF, 21 .1 mole % of PMVE and 0. 1 mole % of IM1 

Example 2 

In the same manner as in Example 1 except that a molar ratio of the monomer mixture of VdF/TFE/PMVE to be 
45 charged at the start of the polymerization was 75/5/25, a molar ratio of the monomer mixture of VdF/TFE/PMVE to be 
used to repressurize the autoclave after the pressure drop was 75/7/1 8, and the reaction time was 5 hours, the reaction 
was performed to obtain a rubbery copolymer (400 g). This polymer had the Mooney viscosity of 73. 

According to the results of 19 F-NMR analysis, the monomeric composition of this polymer was found to be 73.9 
mole % of VdF, 7.0 mole % of TFE, 19.0 mole % of PMVE and 0.1 mole % of IM1 . 

50 

Exam p le 3 

In the same manner as in Example 1 except that a molar ratio of the monomer mixture of VdF/HFP/PMVE to be 
charged at the start of the polymerization was 60/26/14, a molar ratio of the monomer mixture of VdF/HFP/PMVE to be 
55 used to repressurize the autoclave after the pressure drop was 78/1 1/11, and the reaction time was 8.5 hours, the reac- 
tion was performed to obtain a rubbery copolymer (380 g). This polymer had the Mooney viscosity of 73. 

According to the results of 19 F-NMR analysis, the monomeric composition of this polymer was found to be 77.9 
mole % of VdF, 1 1 .5 mole % of HFP, 1 0.5 mole % of PMVE and 0.1 mole % of IM1. 
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Example 4 

In the same manner as in Example 1 except that a molar ratio of the monomer mixture of VdF/TFE/HFP/PMVE to 
be charged at the start of the polymerization was 59/4/26/11, a molar ratio of the monomer mixture of 
5 VdF/TFE/HFP/PMVE to be used to repressurize the autoclave after the pressure drop was 73/9/9/9, and the reaction 
time was 7 hours, the reaction was performed to obtain a rubbery copolymer (380 g). This polymer had the Mooney vis- 
cosity of 62. 

According to the results of 19 F-NMR analysis, the monomeric composition of this polymer was found to be 70.7 
mole % of VdF, 9.2 mole % of TFE, 10.4 mole % of HFP. 9.6 mole % of PMVE and 0.1 mole % of IM1 . 

10 

Example 5 

In the same manner as in Example 1 except that a molar ratio of the monomer mixture of VdF/TFE/PMVE to be 
charged at the start of the polymerization was 65/6/29, a molar ratio of the monomer mixture of VdF/TFE/PMVE to be 
is used to repressurize the autoclave after the pressure drop was 71/9/20, a total amount of IM1 was 7.2 g and equally 
divided amounts of IM1 were injected after 2.5, 3.1, 3.7 and 4.3 hours from the start of the reaction, and the reaction 
time was 5 hours, the reaction was performed to obtain a rubbery copolymer (393 g). This polymer had the Mooney vis- 
cosity of 41. 

According to the results of 19 F-NMR analysis, the monomeric composition of this polymer was found to be 68.5 
20 mole % of VdF, 8.9 mole % of TFE, 22.1 mole % of PMVE and 0.5 mole % of IM1 . 

Example 6 

In the same manner as in Example 1 except that an added diiodide compound was KCF^gl, its amount was 2.95 
25 g, a molar ratio of the monomer mixture of VdF/TFE/PMVE to be charged at the start of the polymerization was 
55/10/35, a molar ratio of the monomer mixture of VdF/TFE/PMVE to be used to repressurize the autoclave after the 
pressure drop was 58/18/24, and the reaction time was 5 hours, the reaction was performed to obtain a rubbery copol- 
ymer (405 g). This polymer had the Mooney viscosity of 33. 

According to the results of 19 F-NMR analysis, the monomeric composition of this polymer was found to be 57.4 
30 mole % of VdF, 18.1 mole % of TFE, 24.4 mole % of PMVE and 0.1 mole % of IM1. 

Example 7 

In the same manner as in Example 1 except that a compound of the formula: ICH 2 CF2CF20CF(CF3)CF 2 OCF=CF2 
35 (hereinafter referred to as "llvte") (2.7 g) was used as an iodine-containing f luorinated vinyl ether to be copolymerized, 
a molar ratio of the monomer mixture of VdF/TFE/PMVE to be charged at the start of the polymerization was 70/5/25, 
a molar ratio of the monomer mixture of VdF/TFE/PMVE to be used to repressurize the autoclave after the pressure 
drop was 75/7/18, and the reaction time was 5 hours, the reaction was performed to obtain a rubbery copolymer (390 
g). This polymer had the Mooney viscosity of 63. 
40 According to the results of 19 F-NMR analysis, the monomeric composition of this polymer was found to be 73.5 
mole % of VdF, 7.4 mole % of TFE, 1 9.0 mole % of PMVE and 0.1 mole % of IM2. 

Example 8 

45 In the same manner as in Example 7 except that a molar ratio of the monomer mixture of VdF/TFE/HFP/PMVE to 
be charged at the start of the polymerization was 63/4/15/18, a molar ratio of the monomer mixture of 
VdF/TFE/HFP/PMVE to be used to repressurize the autoclave after the pressure drop was 73/9/5/13, and the reaction 
time was 8 hours, the reaction was performed to obtain a rubbery copolymer (385 g). This polymer had the Mooney vis- 
cosity of 80. 

so According to the results of 19 F-NMR analysis, the monomeric composition of this polymer was found to be 73.4 
mole % of VdF, 8.6 mole % of TFE. 5.0 mole % of HFP. 12.9 mole % of PMVE and 0.1 mole % of IM2. 

Comparative Example 1 

55 In the same manner as in Example 2 except that no IM1 was used, the reaction was performed to obtain a copol- 
ymer (354 g). This polymer had the Mooney viscosity of 74. 

According to the results of 19 F-NMR analysis, the monomeric composition of this polymer was found to be 74.9 
mole % of VdF, 6.4 mole % of TFE and 18.7 mole % of PMVE. 
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Comparative Example 2 

In the same manner as in Example 4 except that no IM1 was used, the reaction was performed to obtain a copol- 
ymer (381 g). This polymer had the Mooney viscosity of 108. 

According to the results of 19 F-NMR analysis, the monomeric composition of this polymer was found to be 70.1 
mole % of VdF, 9.5 mole % of TFE, 10.0 mole % of HFP and 10.4 mole % of PMVE. 

Comparative Example 3 

In the same manner as in Example 8 except that no IM1 was used, the reaction was performed to obtain a copol- 
ymer (379 g). This polymer had the Mooney viscosity of 85. 

According to the results of 19 F-NMR analysis, the monomeric composition of this polymer was found to be 73.1 
mole % of VdF, 9.1 mole % of TFE, 4.7 mole % of HFP and 13.1 mole % of PMVE. 

Comparative Example 4 

In the same manner as in Example 1 except that a molar ratio of the monomer mixture of VdF/TFE/HFP to be 
charged at the start of the polymerization was 48/8/44, a molar ratio of the monomer mixture of VdF/TFE/PMVE to be 
used to repressurize the autoclave after the pressure drop was 65/18/17 and the reaction time was 15 hours, the reac- 
tion was performed to obtain a rubbery copolymer (385 g). This polymer had the Mooney viscosity of 70. 

According to the results of 19 F-NMR analysis, the monomeric composition of this polymer was found to be 67.0 
mole % of VdF, 1 6.4 mole % of TFE, 16.5 mole % of HFP and 0.1 mole % of IM1. 

Evaluation of properties 

With each of the copolymers obtained in Examples and Comparative Examples, the components shown in Tables 
1 and 2 were compounded to prepare a curing composition, and its curing property was measured using a Curastom- 
eter(JIS II type) at 160°C. 

The composition was cured under a press curing condition of 160°C for 10 minutes, and an oven curing condition 
of 1 80°C for 4 hours, and physical properties of the cured material were measured. The physical properties of the cured 
material were measured according to J IS K 6301 . 
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The results are shown in Tables 1 and 2. In Tables, "parts" are "wt. parts". 



Table 1 







Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 






1 


2 


3 


4 


5 


6 


Copolymer (parts) 


100 


100 


100 


100 


100 


100 


MT-carbon (parts) 


20 


20 


20 


20 


20 


20 


Triallyl isocyanurate (parts) 


4 


4 


4 


4 


4 


4 


2,5-Dimethyl-2,5-di(tert.-butylperoxy)hexane (parts) 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


Minimum viscosity (kg) 


0.34 


0.20 


0.20 


0.15 


0.12 


0.10 


Curing degree (kg) 


3.60 


4.11 


4.75 


4.58 


| 4.39 


4.01 


Induction time (min.) 


0.6 


0.6 


0.7 


0.6 


0.6 


0.6 


Optimum curing time (min.) 


1.4 


1.4 


1.5 


1.4 


1.7 


1.4 


100% Modulus (kg/cm 2 ) 


40 


39 


38 


40 


100 


40 


Tensile strength (kg/cm 2 ) 


216 


193 


209 


208 


191 


191 


Elongation (%) 


280 


260 


260 


280 


170 


260 


Hardness (JIS A) 


65 


67 


67 


68 


69 


68 


TRtest 


TR10 


-33 


-31 


-27 


-25 


-30 


-22 


Compression set (P-24 O-ring) (%) 


200°C x 70 hrs 


20 


17 


20 


21 


21 


22 




25°C x 70 hrs 


9 


8 


10 


10 


6 


10 




-20°C x 22 hrs 


20 


24 


30 


29 


24 


38 



35 



40 



45 



50 



55 
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Table 2 





Fy 

LA. 

7 


Fy 

LA. 

8 


Ex. 1 


p 
Ex.2 


c 
Ex.3 


Ex. 4 


Copolymer (parts) 


100 


100 


100 


100 


100 


100 


MT-carbon (parts) 


20 


20 


20 


20 


20 


20 


Trialiyl isocyanurate (parts) 


4 


4 


4 


4 


4 


4 


2,5-Dime%l-2,5-di(tert-butylperoxy)hexane (parts) 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


Minimum viscosity (kg) 


0.15 


0.25 


0.20 


0.40 


0.30 


0.19 


Curing degree (kg) 


4.02 


4.10 


4.18 


5.00 


4.04 


4.20 


Induction time (min.) 


0.6 


0.6 


0.7 


0.6 


0.7 


0.6 


Optimum curing time (min.) 


1.4 


1.6 


1.6 


2.0 


1.4 


1.8 


100% Modulus (kg/cm 2 ) 


40 


39 


27 


26 


24 


41 


Tensile strength (kg/cm 2 ) 


195 


210 


205 


193 


206 


210 


Elongation (%) 


260 


270 


340 


350 


350 


270 


Hardness (JIS A) 


68 


68 


67 


65 


67 


69 


TRtest 


TR10 


-31 


-29 


-31 


-25 


-29 


-21 


Compression set (P-24 O-ring) (%) 


200°C x 70 hrs 


19 


18 


29 


30 


25 


18 


25°C x 70 hrs 


8 


9 


13 


19 


12 


7 


-20°C x 22 hrs 


27 


27 


38 


42 


40 


50 



30 



EFFECTS OF THE INVENTION 

35 The fluororubber copolymer of the present invention has excellent compression set in a wide temperature range 
from the low temperature to the high temperature while maintaining the excellent properties of the conventional fluor- 
orubbers. In addition, a molded article produced from the curing composition of the present invention is useful as a seal- 
ing material. 

40 Claims 

1 . A copolymer comprising 0.005 to 1 .5 mole % of repeating units derived from an iodine-containing fluorinated vinyl 
ether of the formula: 



l(CH2CF 2 CF 2 0) m -(CFCF 2 0) n <;F=CF 2 (2) 
I 

CF 3 



50 



55 



wherein m is an integer of 1 to 5, and n is an integer of 0 to 3, 40 to 90 mole % of repeating units derived from vinyli- 
dene fluoride, 3 to 35 mole % of repeating units derived from perf luoro(methyl vinyl ether), 0 to 25 mole % of repeat- 
ing units derived from hexaf luoropropylene and 0 to 40 mole % of repeating units derived from tetraf luoroethylene, 
which is obtained by polymerizing the above monomers in the presence of a diiodide compound of the formula: 

Rl 2 (1) 

wherein R is a saturated fluorohydrocarbon or chlorofluorohydrocarbon group having 1 to 16 carbon atoms or a 
hydrocarbon group having 1 to 3 carbon atoms, contains iodine atoms introduced in the copolymer from the iodine 
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compounds of the formulas (1) and (2) in amounts of 0.01 to 1 wt. % and 0.01 to 2 wt. %, respectively, and has a 
Mooney viscosity (ML 1+10 100°C) of 20 to 150. 

2. The fluororubber copolymer according to claim 1. which comprises 0.005 to 1.5 mole % of the repeating units 
derived from the iodine-containing fluorinated vinyl ether of the formula (2), 65 to 90 mole % of the repeating units 
derived from vinylidene fluoride and 10 to 35 mole % of the repeating units derived from perfluoro(methyl vinyl 
ether). 

3. The fluororubber copolymer according to claim 1, which comprises 0.005 to 1.5 mole % of the repeating units 
derived from the iodine-containing fluorinated vinyl ether of the formula (2), 40 to 80 mole % of the repeating units 
derived from vinylidene fluoride, 15 to 35 mole % of the repeating units derived from perfluoro(methyl vinyl ether) 
and 3 to 40 mole % of the repeating units derived from tetrafluoroethylene. 

4. The fluororubber copolymer according to claim 1, which comprises 0.005 to 1.5 mole % of the repeating units 
derived from the iodine-containing fluorinated vinyl ether of the formula (2), 65 to 90 mole % of the repeating units 
derived from vinylidene fluoride, 3 to 25 mole % of the repeating units derived from perf luoro(methyl vinyl ether) and 
3 to 25 mole % of the repeating units derived from hexaf luoropropylene. 

5. The fluororubber copolymer according to claim 1, which comprises 0.005 to 1.5 mole % of the repeating units 
derived from the iodine-containing fluorinated vinyl ether of the formula (2), 40 to 80 mole % of the repeating units 
derived from vinylidene fluoride, 3 to 25 mole % of the repeating units derived from perfluoro(methyl vinyl ether), 3 
to 25 mole % of the repeating units derived from hexafluoropropylene and 3 to 40 mole % of tetrafluoroethylene. 

6. A curing composition comprising 1 00 wt. parts of the copolymer as claimed in any one of claims 1 to 5, 0.05 to 1 0 
wt. parts of an organic peroxide and 0.1 to 10 wt. parts of a crosslinking aid. 

7. The curing composition according to daim 6, wherein said organic peroxide is an dialkyi peroxide. 

8. The curing composition according to claim 6, wherein said organic peroxide is 2,5<iimethyl-2,5-di(tert.-butylper- 
oxy)hexane. 

9. The curing composition according to any one of claims 6 to 8, wherein said crosslinking aid is triaJIyl isocyanurate. 

10. A sealing material prepared from a composition as claimed in any one of claim 6 to 9. 
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